Concernimg GRAVITY, and its Properties , 
wherein the Defcent of Heavy Bodies, and the Motion, 
of Proje&s is briefly , but fully handled: Together with 
the Solution of a Problem of great ZJfe in GUN¬ 
NERY. PyE. HALLEY. 

i 

N ATURE amidft the great variety of Problems where¬ 
with She exercifes the Wits of Fliilofophical men, 
icarce affords any one wherein the Effeft is more vifible, and 
the Caufe more concealed than in thole of the Phenomena of 
Gravity. Before we can go alone, we muft learn to defend 
our .{elves from the violence of its Impulle, by not trufting 
the Center of Gravity of our Bodies beyond our reach; and 
yet the Aeuteft Philofbphers, and the fubtileft Enquirers into 
the Original of this Motion, have been fo far from latisfying 
their Readers, that they themfelves feem little to have un« 
derftood the Conlequences of their own Hyfothefcs. 

Des Cartes his Notion, I muft needs confefs to be to me 
Incomprehenfible, while he will have the Particles of his 
CeleHid matter, by being reflected on the Surface of the 
Earth , and fo attending therefrom, to drive down into their 
places thofe Terrestrial Bodies they find above them: This is 
as near as I can gather the fcope of the 20, 21, 22 , and 23 
Sections of the laft Book of his Princifia Philofophi<e ; yet nei¬ 
ther he, nor any of his Followers can fhew how a Body fuf- 
pended in lihero athere , (hall be carried downwards by a 
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continual Impulfe tending upwards, and ailing upon all 
its parts equally: And befides the obfcurity wherewith he 
exprefTes himfelfparticularly ,Sett.2 3. does fufficiently argue 
according to his own Rules, the confuted Idea he had of the 
thing he wrote. 

Others, and among them Dr. Voffius afferts the Caute of 
the Defcent of heavy Bodies to be the Diurnal rotation of the 
Earth upon its Axis, without considering, that according to 
the Do&rine of Motion fortified with Demonstration, all 
Bodies moved in Circulo, would recede from the Center of 
their Motion ; whereby the contrary to Gravity would fol¬ 
low, and all loofe Bodies would be call into the Air in a 
Tangent to the Parallel of Latitude , without the intervention 
of fbme other Principle to keep them fall, fuch as is that of 
Gravity. Befides the effect of this Principle is throughout 
the whole Surface of the Glob found nearly equal, and cer¬ 
tain Experiment teems to argue it rather lefs near the Equi- 
nottial, than towards the Poles, which could not be by any 
means, if the Diurnal rotation of the Earth upon its Axis 
were the caute of Gravity , for where the Motion was fwift- 
efl, the Effe£t would be moll confiderable. 

Others aflign the Prejfnre of the Atmofphere , to be the 
Caule of this Tendency towards the Center of the Earth ; but 
unhappily they have miftaken the Cau/e for the Effect , it 
being from undoubted Principles plain, that the Atmofphere 
lias no other Prefers but what it derives from its Gravity,and 
that the Weight of the upper parts of the Air, preffing on 
the lower parts thereof, do fb far bend the Springs of that 
Elafiick Body, as to give it a force equal to the Weight that 
Compreffed it, having of it felf no force at all: And fuppo- 
fing it had, it will be very hard to explain the Modus, how 
that Prejfure ihould occafion the Dejcent of a Body circum- 
fcribed by it, and prelfed equally above and below, without 
fbme other force to draw, or tlirull it downwards. But to 
demonftrate the contrary of this Opinion, an Experiment was 
long fince fhewn before the Royal Society , whereby it ap¬ 
peared 
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pcared that the Atmofphere was lb far from being the 
Caufe of Gravity, that the Effects thereof were much more 
Vigorous where the prejfure of the Jtmofpbere was taken off; 
for a long Glafs-Receiver having a light Down-feather inclu¬ 
ded, being evacuated of Air, the Feather which in the Air 
would hardly fink, did in vac ho defeend with nearly the 
fame Velocity as if it had been a Stone. 

Some think to Illuftrate this Defent of Heavy Bodies , by 
comparing it with the Vertue of the Loadstone ; but fetting 
afide the difference there is in the manner of their Attracti¬ 
ons, the Loadstone drawing only in and about its Poles, and 
the Earth near equally in all parts of its Surface, this Com- 
parilbn avails no more than to explain ignotum per *fue 
ignotum. 

Others aflign a certain Sympatheticd attraction between th« 
Earth and its Parts, whereby they have, as it were, a defire 
to be united, to be the Caufe we enquire after : But this is 
fo far from explaining the Modus, that it is little more,' than 
to tell us in other terms, that heavy bodies defcend, becaufc 
they defcend. 

This I fay, not that I can pretend to fiabftitute any Solu¬ 
tion of this Important Philofophical Problem , that fhall more 
happily explicate the Appearances of Gravity , only it may be 
ferviceable to thole with whom the Credit of great Authors 
fways much, and who too-readily alfent in verba magijtri, 
to let them lee that their Books are not always infallible: 
Befides the detection of Errors is the firfl: and lured ftep to¬ 
wards the difeovery of Truth. 

Tho’ the Efficient Caufe of Gravity be fo obfcure, yet the 
final Caufe thereof is clear enough; for it is by this tingle 
Principle that the Earth and all the Celejtial Bodies are kept 
from difjohction : the lead of their Particles not being fullered 
to recede far from their Surfaces, without being immediately 
brought down again by vertue of this Natural tendency, 
which for their Prefervation, the Infinite Wifiiom of their 
Creator has Ordained to be towards each of their Centers 
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nor can the Globes of the Sun and Planets otherwife be de- 
flroyed, but by taking from them this power of keeping 
their parts united. 

The Affections or Properties of Gravity, and its manner 
of aCting upon. Bodies falling, have been in a great meafure 
difcovered, and mofl of them made out by Mathematical de¬ 
mo nft rat ion in this our Century, by the accurate diligence of 
GaliUus, Torricellms, Hugenius, and others, and now lately 
by our worthy Country-man Mr. J/aac Newton , ( who has 
an incomparable Treatife of Motion almoft ready for the 
Prefs') which Properties it may be very material here to 
enumerate, that they may ferve for a Foundation to all thofe 
that fhall be willing to (pend their Thoughts in fearch of 
the true Cau fe of this defcent of Bodies. 

The firfl Property is. That by this principle of Gravita¬ 
tion, all Bodies do deicend towards a Point, which either 
is, ©r elfe is very near to the Center of Magnitude of the 
Earth and Sea, about which the Sea forms it lelf exactly into 
a Sfherical furface, and the Prominences of the Land, conii- 
dering the Bulk of the whole, differ but inlenfibiy there¬ 
from. 

Secondly, That this Point or Center of Gravitation , is fixr 
within the Earth , or at lead: has been lo, ever fince we have 
any Authentick Hifiory : For a Conlequence of its Change, 
tho’ never lo little, would be the over-flowing of the low 
Lands on that fide of the Globe towards which it approached, 
and the leaving new Islands bare on the oppofite fide, from 
which it receded; hut for this Two thoufand years it ap¬ 
pears, that the low lilands of the Mediterranean Sea ( near 
to which the ancientefl: Writers lived ) have continued much 
at the lame height above the Water, as they now are found ; 
and no Inundations or Recejfes of the > Sea arguing any luch 
Change, are Recorded in Hifiory; excepting the Vniverfal 
Deluge , wnich can no better way be accounted for, than by 
luppofmg this Center of Gravitation removed for a time, to¬ 
wards the middle of the then inhabited parts of the World; 
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and a change of its place, but the two theufandth part of the 
Rodim of .this Globe, werefufficient to bury the Tops of the 
higheft Hills under water. 

Thirdly , That in all parts of the Surface of the Earth, or 
rather in all Points equidiftant from its Center, the force of 
Gravity is nearly equal; fo that the length of the Pendulum 
vibrating feconds of time, is found in all parts of the World to 
be very near the fame. ’Tis true at S. Helena in the Latitude 
of 16 Degrees Souths I found that the Pendulum of my Clock 
which vibrated feconds , needed to be made fhorter than it 
had been in England by a very fenfible fpace, ( but which at 
that time I neglected to obferve accurately ) before it would 
keep time ; and fince the like Obfervations has been made 
by the French Cbfervers near the Equinoctial : Yet I dare not 
affirm that in mine it proceeded from any other Caufe, than 
the great height of my place of Qbfervation above the Sur¬ 
face of the Sea, whereby the Gravity being diminifhed , the 
length of the Pendulum vibrating feconds, is proportionably 
fhortned. 

Fourthly, That Gravity does equally affebt all Bodies, with¬ 
out regard either to their matter, bulk, ok figure', lo that the 
Impediment of the Medium being removed, the moil com¬ 
pact and moil loofe, the greateft and fmaleft Bodies would 
defeend the fame /paces in equal times; the truth whereof 
will appear from the Experiment I beford cited. In thefe 
two laft particulars, is fhewn the great difference between 
Gravity and Magnetifn, the one affebting only Iron, and that 
towards its Poles, the other all Bodies alike in every part. As 
a Corollary ; from hence it will follow, that there is no fuch 
thing zspoftive levity , thole things that appear light, being 
only comparatively fo ; and whereas feveral things rife and 
fwim in fluids, ’tis becaufe bulk for bulk, they are not fo 
heavy as thole fluids ; nor is there any reafon why Cork, for 
inftance, fhould be laid to be light becaufe it fwims on Wa¬ 
ter, any more than Iron becaufe it fwims on Mercury. 

Fifthly , That this power encreafes as you defeend, and 
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decreafes as you afcend from the Center, and that in the pro¬ 
portion of the Squares of the diftances therefrom reciprocally, fo 
as at a double dilfance to have but a quarter of the force ; this 
property is the principle on which Mr. Newton has made but 
all the Phenomena of the Cnlejtial Motions, fo eafily and natu¬ 
rally that its truth is part dilpute. Befides that, it is highly 
rational, that the attractive or gravitating power rtiould ex¬ 
ert it lelf more vigiroufly in a fmall Sphere, and weaker in a 
greater, in proportion as it is contracted or expanded, and if 
lb, feeing that the fur faces of Spheres are as the Squares of their 
Radii, this power at feveral diftances will be as the Squares 
of thole diftances Reciprocally , and then its whole action upon 
each Spherical Surface , be it great or fmall will be ahvaics e- 
qual. And this is evidently the rule of Gravitation towards the 
Centers of the Sun, Jupiter, Saturn and the Earth , and thence 
is reafonably inferred, to be the general principle obferved by 
Nature, in all the reft of the Celeftial Bodies. 

Thefe are the principal affehtions of Gravity , from which 
the rules of the fall of Bodies , and the motion of Projects are 
Mathematically deducible. Mr. Ifaac Newton has fhewed how 
to define the fpaces of the defeent of a Body, let fall from any 
given highth, down to the Center. Suppoifing the Gravitation 
to increafe, as in the fifth Property; but confidering the 
fmalnels of hight, to which any Project can be made afeend, 
and over how little an Arch of the Globe it can be cart by any 
of our Engines, we may well enough fuppofe the Gravity e- 
qual throughout, and the defcents of Projects in parralel 
lines, which in truth are towards the Center , the difference 
being lb fmall as by no means to be difcovered in Brattice. 
The Oppofition of the Air, his true, is conrtderable againft all 
light bodies moving through it, as likewife againft fmall ones 
fol which more hereafter) but in great and ponderous Shot, 
this Impediment is found by Experience but very (mall, and 
may fifthly be neglected. 



Propofitions concerning the Defcent of heavy Bodies., 
and the Motion of Projects. 

Prop. I. The Velocities of felling Bodies, are proportionate 
to the times from the beginning of their falls. 

This follows, for that the action of Gravity being continual, 
in every {pace of time, the falling Body receives a new im- 
pulfe, equal to what it had before, in the lame {pace, of time, 
received from the lame power: For in dance, in the fird le- 
cond of time, the falling Body has acquired a Velocity , which 
in that time would carry it to a certain didance, fuppole 3 2 
foot, and were there no new force, would defcend a t that 
rate with an equable Motion ; but in the next lecond of time, 
the lame power of Gravity continually afting thereon, fu- 
peradds a new Velofty equal to the former; lo that at the end 
of two leconds, the Velocity is double to what it was at the 
end of the drd, and after the fame manner may it be proved 
to be triple, at the end of the third lecond, and fo on. Where¬ 
fore the Velocities of falling Bodies , are proportionate to the 
times of their/*///, /f E. D. 

Prop. II. The Spaces delcribed by the fall of a Body, are 
as the Squares' of the times, from the beginning of the Fall. 

Dlmonf ration. Let A B (Fig. 1. Tab. 1.) reprefent the time 
of the fall of a Body, B C perpendicular to A B the Velofty ac¬ 
quired at the end of the ///, and draw the line A C, then di¬ 
vide the line A B re'prelenting the time into as many equal 
parts as you pleale, as b, b, b, b, &c. and through thele 
points draw the lines be, be, be, be, &c. parallel to B C, ’tis 
manifed that the leveral lines, be,reprefent the feveral Veloci¬ 
ties of the falling Body, in fuch parts of the time as A b is of 
A B, by the former propodtion. It is evident Iikewife that 
the Area A B C is the fum of all the lines be being taken, ac¬ 
cording to the method of Indhifbles, indnitdy many; fo that 
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the Area ABC reprefcnts the {um of: all the Velocities, between 
none and BC fuppofed infinitely many; which iumis the 
{pace defended in the time reprefcnted by A B. And by the 
fame reafori the Areas A b c, will reprefent the {paces defcend- 
ed in the times A b; fo then the fpaces defended in the times 
AB, Ab, are as the Areas of the Triangles ABC,A be, which 
by the 20 th of the 6 of Euclid are as the Squares of their Ho: 
mologous [ides A B, A b, that is to fay, of the Times : where¬ 
fore the delcents of falling Bodies, are as the Squares of the times 
of their/*//, ff E. D. 

Prop. lit. The VAocity which a falling Body acquires in a- 
ny {pace of time, is double so that, wherewith it would 
have moved tire 1 pace/lefoended by an equable motion, in the 
lame time. 

Demonfirat ion, Draw the line E C parallel to A B and A E 
parallel to B C in the fame fig. 1. and compleatthe Parallelo¬ 
gram ABC h, it is evident that the Area thereof may repre* 
font the {pace, a Body moved equably with the Velocity B C, 
would deforibe in the time A B, and the Triangle ABC repre¬ 
fonts the [pace defcribed by the fall of a Body, in the lame time 
A B, by the focond propofition. Now the Triangle A B C is 
half of the Parallelogram A B C E, and confequently the {pace 
deforibed by the fall, is half what would have been deforibed 
by an equable Motion with the Velocity B C,in the fame time ; 
wherefore the Velocity. B C at the end of the fall, is double to 
that Velocity , which in the time A B, would have deforibed 
the /pace fallen , reprefonted by the Triangle ABC, with an 
equable Motion, ff E. D. 

Prop. IV. All Bodies on or near the furface of the Earth, in 
their fall, defoend lb, as at the end of the firft focond of time, 
they have defcribed 16 feet one inch London Moafure, and ac¬ 
quire d the Velocity of 3 2feet two inches in a focond. 

This is made out from the 2 5th propofition of the focond 
part o f that Excellent Treaties': of Mr. Hugenius de Horologio 
GfcilLiorio ; wherein lie demonftrates the time of the leaft 
J Vibrations of a Pendulum, to be to the time of the fall of a Body, 
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from the height of half the length of the Pendulum, as the 
Circumference of a Circle to its Diameter whence as a Corol¬ 
lary it follows, that as the Square of the Diameter to the 
Square of the Circumference , lo half the length of the. Pen¬ 
dulum vibrating feconds, to the face delcribed by the fall of a 
body in a fecond of time ; and the length of the Pendulum vi- 
Jeconds, being found $9,12 5,or t Inches, the defeent in 
a fecond will be found by the aforefaid Analogy 16 Foot and one 
Inch, and by the third Propolicion , the Velocity will be 
double thereto; and near to this it hath been found by le- 
veral Experiments, which by realbn of the fviftnef of the fall, 
cannot lo exa&Iy determine its quantity. The Demonflra- 
tion of Hugenius being the Conclufion or a long train of Con- 
fequences. I fhall for brevity lake omit; and refer you to his 
Book, where thele things are more amply treated of. 

From thele four Propofitions, all Quefiions concerning the 
Perpendicular fall of bodies, are ealily folved, and either Time, 
Height , or Velocity being alfigned, one may readily find the 
other two. From them like wile is the DoCtrine of Projeffs 
deducible,alfuming the two following Axioms ; viz. That a 
body fet a moving, will move on continually in a right line 
with an equable mot ion,untefs Ibme other force or impediment 
intervene, whereby it is accelerated , or retarded , or de¬ 
flected. 

Secondly, That a Body being agitated by two motions at a 
time, does by their compounded forces pals through the lame 
points, as it would do, were the two motions divided and act¬ 
ed fucceffively. As for inftance, Suppole a body moved in the 
Line GF, ( Fig.2lTab.1t) from G to R, and there flopping, 
by another impulfe fuppole it moved in a face of time equal to 
the former, from R towards K, to V. I fay, the body fhall 
pals through the point V, tho’ thele two feveral forces , adted 
both in the fame time. 

Prop. V. The Motion of all Prvjetts is in the Curve of a Pa¬ 
rabola : Let the line GRF (in fg. 2.) be the line in which the 
Projett is direbted, and in which by the firft Axiom it would 
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move equal / faces in equal times, were it not deflected down¬ 
wards by the force of Gravity. Let GB be the Horizontal 
line , and G C a Perpendicular thereto. Then the line G R F 
being divided into equal parts, anfwering to equal faces of 
time , let the dejcents of the Project be laid down in lines pa¬ 
rallel to GC, proportioned as the fquares of the lines GS, GR, 
GL, GF, or as the fcpuares of the times, from S to T, from R to 
V, from L to X, and from F to B, and draw the lines TH, 
VD, XY, BC parallel to GF; I fey the Points T,V, X,B, are 
Points in the Curve delcribed by the Project , and that that 
Curve is a Parabola. By the fecond Axiom they are Points in 
the Curve ; and the parts of the defcent GH, GO, GY, GC,= 
to ST, R V, LX, FB, being as the fquares of the times (by the 
fecond Prop.) that is, as the fcpuares of the Ordinates , HT, DU, 
YX, BC, equal to GS, GR, GL, GF, the Jj aces meafured in 
thole times; and there being no other Curve but the Parabola, 
whole parts of the Diameter are as the fcpuares of the Ordi¬ 
nates, it follows that the Curve delcribed by a Project, can 
be no other than a Parabola : And laying, as RU the defcent 
in any time, to GR or UD the direct motion in the feme time, 
fo is U D, to a third proportional; that third will be the 
line called by all Writers of Conicks, the Parameter of the Pa¬ 
rabola to the Diameter GC, which is alwaies the feme in Pro¬ 
jects cafe with the fame Velocity : And the Velocity being de¬ 
fined by the number of feet moved in a fecond of time, the 
Parameter will be found by dividing t lie fan are of the Velocity, 
by 1 6 feet i inch, the fall of a body in the lame time . 

Lemma, 

The Sine of the double of any Arch, is equal to twice the 
Sine oi that Arch into its Co-fine, divided’by Radios ; and the 
Verfedfine cl the doable of any Arch is equal to the fcpuare of 
the Sine thereof divided by Radius. 

Let the Arch BC (in fig. 3 .) be double the Arch BF, and A 
the Center ; draw the Radii AB, AF, AC, and the Chord 
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BDC, and let fall BE perpendicular to AC, and the Angle 
EEC, will be equal to the Angle ABD, and the Triangle BCE, 
will be like to the Triangle BDA ; wherefore it will be as 
AB to AD, lo SC or twice ED ; to BE, that is as Radius to 
Co-fme, lb twice Sine, to Sine of the double Arch. And as AB 
to BD, lo twice BD or BC, to EC, that is as Radius to Sine, 
lb twice that Sine to die Ver.fed-fine of the double Arch) which 
t wo Analogies reldived into Equations, are the Proportions 
contained in the Lemma to be proved. 

Prop. VI. The Horizontal didances of Projections made 
with the lam Q Velocity, ac ieverai Elevations of the Line of 
direction, are as the Sines of the doubled Angles of Elevation. 

Let GB ( fig.2.) Lae. Horizontal diftance b t—z, the fine 
of the Angle of Elevation, FGB, be — s, its Co-fine — c, Ra¬ 
dius —r, and the Parameter —p. It will be as c to s ; lo a to 

s £=i. FB=GC, and by reafon of the Parabola^-^-~t o the 

C C 

fquare of CB, or GF,. Now as c to r, fo is z to ^ r — GF, and 

c 

its fquare ---will be therefore^to 7 ---^: which Equation re- 

c c c 

P S C 2 S C . 

duced, will be r — —2,. But by the former Lemma -is 

7 rr r 

equal to the Sine of the double Angle , whereof * is the Sine : 
wherefore ’twil be as R adius to Sine of double the Angle FGB, 
fo is half the Parameter , to the Horizontal rang or diftance 
fought; and at the feveral Elevations , the ranges are as the 
fines of the double Angles of Elevation QfE.D. 

Corollary. 

Hence it follows, that half the Parameter is the greateft 
Randon, and that that happens at the Elevation of 45 de¬ 
grees, the fine of whole double is Radius ,. Likewife that 
the Ranges equally dift&nt above and below 45 are equal, c • 
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are the fines of all doubled Arche s, to the fines of their doubled 
Complements. 

Prop. VII. The Altitudes of Projections made with the 
fame Velocity, at feveral Elevations, are as the verfed fnes of 

the doubled Angles of Elevation: As c is to si: fo is 

^ 4/* 


=GB to — BF, and UK~RU= BF, the Altitude of the 

rr — 

.• —ElAl Mow hv the forenoi n s? T.emma. — to the 


Projection =*-^jNow by the foregoing Lemma ~y 

verfedfine of the double Angle, and therefore it will be as R.i- 
dius, t overfed fine of double the Angle FGB, (ban %tb of Para¬ 
meters to the height of the Projection VK; and fo thefe heights 
at feveral Elevations are as the laid verfed fines , Q_E. D. 


Corollary. 


From hence it is plain,that the greateft Altitude of the per¬ 
pendicular Projection is a 4 tb of Parameter fix half the greateft 
Horizontal Rang ; the verfed fine of 180 degrees being — 2 r. 

Prop. VIII. The Lines GF, or times of the flight of a Pro¬ 
ject caft with the fame degree of velocity at different Eleva¬ 
tions , are as the fines of the Elevations. 

As c is to r :: lo is —GB by the 6 Prop, to ^==GF, 
r r J l r 

that is as Radius to fine of Elevation , fo the Parameter to the 
line GF ; fo the lines GF areas the fines o( Elevation, and the 
Times are proportional to thole Lines', wherefore the 
Times are as the Sines of Elevation : Ergo confiat propofitio. 

Prop . IX. Problem. A Projection being made as you pleafe, 
having the Diftance and Altitude , or Defcent of an Object, 
through which the Project paflfes, together with the Angle 
of Elevation of the line of Direction', to And the Parameter and 
Velocity, that is (in Fig. 2. ) having the Angle FGB, GM, 
and MX. 

Solution, As Radius to Secant of FGB, fo GM the difiance 

given 
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f iven,to GL; and as Radius to Tangent of FGB, fo GM to 
JM. Then LM—MX in heights , or-f-MX in defcents ; or 
elfe MX—ML, if the direction be below the H,rizontal-line, 
is the fall in the time that the direct impulfe given in G would 
have carried the Project from G to L—LX—GY ; then by 
reafbn of the Parabola ; as LX or GY, is to GL or YX, :: fo 
is GL to the Parameter fought. To find the Velocity of the 
Impulfe, by Prop. 2 . & 4, find the time in feconds that a body 
would fall the (pace LX, and by that dividing the line GL, 
the Quote will be the Velocity , or fiace moved in a fecond 
fought, which is alwaies a mean proportional between tiie Pa¬ 
rameter and 16 feet 1 inch. 

Prop. X. Problem 2. Having the Parameter, Horizontal di- 
ftance, and height or defoentofan Of ell, to find the Eleva¬ 
tions of the line of dir eel ion necelfary to hit the given Object ; 
that is, having GM, MX, and the greatefl: R andon equal to 
half the Parameter • to find the Angles FGB. 

Let the Tangent of the Angle fought be —t, the Horizontal 
difiance GM=b the Altitude of the Of eel MX=h, the Pa¬ 
rameter—p, and R adius=r y and it will be, 

. r j \ I, , t b~r . in afeents __ T v , 

As r to tj fo b to ML and defcents LX^and 

ptb X p h — GL quad. —XY quad, ratione ParahoU ; but 


h —GL quad. 47. i. Euclid. Wherefore. 

1 r r 
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which Equation tranlpofed, is 


* — — —JLLLv? p h—b b, divided by b b is 

Y Y Y ‘ ^ J 


——j. this Equation fhev/s the Queftion t n 
rr br bb t $ 

have two Anfwers, and the Roots thereof are —- —V qL 

...£ £ "hfi.fJ 3 — j from which I derive the following Rule. 

4 bb 
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Divide half the Parameter by the Horizontal difiance, and 
keep the Quote ; viz. then lay, as fquare of the difiance 

given to the half Parameter , lo half Parameter -Ip double 
detcent t0 the h» m ° f a *«* = 

p ptfLOtpb _ _ 

the Tangent aufwering to that Secant, will be V ~ffbb~ 

or rr: lo then the fum and difference of the afore-found 
Quote, and this Tangent will be the Roots of the Equation, 
and the Tangents of the Elevations fought. 

Note here, that in Defcents, if the Tangent exceed the 
Quote, as it does when ph is more than bb, the direction of the 
lower Elevation will be below the Horizon, and if ph~bb, it 
mult be directed Horizontal, and the Tangent of the upper 

Elevation will be^ r ;N T ote likewifogthat if fibj-yph in afcents, 

or 4 bb—^ph in defcents, be equal to pp, there is but one Eleva- 

tion that can hit the Object, and its Tangent is r ~—. an d if 

afb-f^ph in afcents,ox 4 bb —4 ph in defcents,6 o exceed pp, the Ob¬ 
ject is w ithout the reach of a Project calf with that Velccity, 
and fo the thing impoffible. 

From this Equation 4 bb -Ip 4 ph~pp are determined the ut- 
ffloft limits of the reach of any Project, and the Figure align¬ 
ed, wherein are all the heights upon each Horizontal difiance 
beyond which it cannot pafs ; lor by reduction of that £- 

^nation, b will be found — bp— in heights, and —- bp in 

defcents from whence it follows, that all the Points h are in 
the Curve of the Parabola , whole Focus is the Point from 
whence the Project is call:, and whole Latus rectum, or Para 
meter ad Jxem is ~p. Likewile from the lame Equation may 
the lead Parameter or Velocity be found capable to reach the 
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Objetf propofed ; for bb~‘-ipp Pf. ph being reduced fp 

will be=V6£ -f h h fgh which is the Horizontal 

rang at 45 degrees, that would juft reach the Object, , and the 
Elevation requilite will be ealily had ; for dividing the id 
found ■'Semi-parameter by the Horizontal dijlance given b, the 
Quote into Radius will be the Tangent of the Elevation fought. 
This Rule may be of good ufe to all Bombardiers and Gunners, 
not only that they may ufe no more Powder than is neceila- 
ry, to caft their Bombs into the place aftigned, but that they 
may Ihoot with much more certainty, for that a fmall Error 
committed in the Elevation of the Piece , will produce no fen- 
fible difference in the fall of the Shot: For which Realons the 
French Engineers in their late Sieges have ufed Morter-pieces 
inclined conftantly to the Elevation of 45,proportioning their 
Charge of Powder according to the diftanceof the Object they 
intend to ftrike on the Horizon. 

And this is all that need to be Paid concerning this Pro¬ 
blem, , of Shooting upon bights and defcents. But if a Geome¬ 
trical conftrudion thereof be required ; I think I have one, 
that is as cafy as any can be expected, which I deduce from 

the forgoing Analytical Solution, viz. V ’ 

and tis this. Having made the right Angle L D A, Tab. 1. 
fig. 4. make DA, DF= p, or gre a teft Rang, D G = b 
the Horizontal diftance, and DB D C—h, the Perpendicu¬ 
lar bight of the Object ; and draw G B, and make DE= 
thereto. Then with the Radius A C and center E fweep an 
Arch, which if the thing be pofftble, will Inter fed the line 
A D in H ; and the line D H being laid both waies from F 
will give the points K and L, to which draw the lines G L, 
G K; I lay the Angles LGD, KGD are the Elevations re¬ 
quired lor hitting the Object B. But note that if B be below the 
Horizon , its de/cent D C‘—D B mull be laid from A, lb as to 
have AC = to AD -f DC. Note likewife, that if in def¬ 
cents P H be greater than F D, and lb K fall below D the 
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Angle KGD fhall be the depreflion below the Horizon : Now 
this Conflrru&ion lo naturally follows from the Equation, that 
I fhall need lay no more about it. 

Prop. XL To determine the force or Velocity of a Project, 
in every point of the Curve it delcribes. 

To do this we need no other prRecognita, but only the third 
Propolition, Viz. that the Velocity of falling Bodies, is double 
to that which in the fame time, would have delcribed the 
Ipace fallen by an equable motion : For the Velocity of a Pro- 
je< 3 r, is compounded of the conftant equal Velocity of the im- 
prefled motion, and the Velocity of the fall, under a given An¬ 
gle, viz. the complement ©f the Elevation : For inlfance, in 
Fig. 2, ih the time wherein a project would move from G to 
L, it delcends from L to X, and by the third Propofition has 
acquired a Velocity, which in that time would have carried it 
by an equable motion from L to Z or twice the delcent L X; 
and drawing the line G Z, I fay the Velocity in the point X, 
compounded of the Velocities G L and L Z under the Angle 
G L Z, is to the Velocity impreft in the point G, as G Z is to 
G L this follows from our lecond Axiome ; and by the 20 
and 21.. Prop, lib a, conic. Midorgii , XO parallel and equal to G 
Z fhall touch the parabola in the point X. So that the Veloci¬ 
ties in the leveral points, are as the lengths of the Tangents to 
the Parabola in thole points, intercepted between any two 
Diameters : And thele again are as the Secants of the Angles , 
which thole Tangents continued make with the Horizontal 
lineGB. From what is here laid down, may the compa¬ 
rative force of a [hott in any two points of the Curve , be ei¬ 
ther Geometrically or Arithmetically difcovered. 

Corollary. 

From hence it follows, that the force of a Shot is alwaies 
lead: at U, or the "Vertex ok the Parabola, and that at equal 
diftances therefrom, as at T and X, G and B its force is al¬ 
waies equal, and that the lead: force in U is to that in G and 
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B, as Radius to the Secant of the Angle of Elevation F G B. 

Thefe Proprfitions confidered, there is no queftion relating 
to Projetfs, winch by the help of them may not eafily be 
Solved; and tho’ it oe true that moii of them are to be met 
withal, in Galileusfilorrkellius and others, who have taken 
them from thole Authors, yet their Books being Forreign, 
and not eafy to come by, and their D monfirations long and 
difficult, £ thought it notamilsto give the whole Dottrine 
here in Lnglijhy with iucli fhorc Analy tical Proof of my own, 
as might be nifficioat.co evince their Truth. 

The Tenth Pro^ofi wn containes a Protlem, untouch’t by 
Torricelltus , which is of the greateft ule in Gunnery, and for 
the fake of which this Dtfcourje was principally intended; Ir 
was firff Solved by Mr. Anderfon , in his Book of the Genuine 
ule and effects of the Gunn, Printed in the Year 167 4 ; but 
his Solution required lo much Calculation, that it put me 
upon learch, whether it might not be done more eafily, and 
thereupon in the Year 1678 I found out the rule I now pub- 
lilh, and from it the Geometrical Conftruftion: Since which 
time there has a large Treatife of this Subject Entituled, Van 
de fitter les Bcmbes f been Publifhed in France by Monfieur Blon- 
del, wherein he gives the Solut ions of this Problem by Mefiie - 
urs Bout , Rower and de la Hire ; But none of them being the 
lame with mine, or in my Opinion more eafy, and molt of 
them more Operole, and befides mine finding the Tangent, 
which generally determines the Angle better than its Sine, I 
thought my felf obliged to Print it for the ufe of all fueh, as 
defire to be informed in tiie Mathematical part, of the Art of 
Gunnery . 

Now thele rules were rigidly true, were it not, as I laid 
before, for the Oppofition of the Medium, whereby not only 
the direct imprelt Motion is continually retarded, by like- 
wife the increale of the Velocity of the folly lo that the fpaces 
delcribed thereby, are not exactly as the Iquaresofthe times: 
But what this Oppofition of the Air is, againft feveral Velo¬ 
cities, Bulksy and Weigfjts, is not loealy to determine. Tis 
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certain that the weight of Air, to that of Water, is nearly as i 
to 800, whence the weight thereof, to that of any Project is 
given; tis very likely, that to the fame Velocity, and Mag¬ 
nitude, but of different matter, the Opposition fhould be reci¬ 
procally as the weights of the fhott; as likewife that to fhote 
of the fame Velocity and matter, but of different Sizes, it 
fhould b? as the Diameters reciprocally : whence generally the 
Oppofition to fhott with the fame Velocity , but of differing Di¬ 
ameters , and Materials , fhould be as their Specifck Gravities 
ioto their Diameters reciprocally ; but whether the Oppofition , 
to differing Velocities of the fame fhott, be as the Squares of 
thofe Velocities , or as the Velocities themfeives, or other wife, 
is yet a harder Queftion. However it be, tis certain, that 
i n large Shott of Mettal , wliofe weight many Thoufand times 
SurpafFes that of the Air, and whole force is very great, in 
proportion to the Surface wherewith they preft thereon.; this 
Oppofition is fcarce difcernable : For by feveral Experiments 
made with all Care and Circumfpe&ion with a Morterpeice 
Extraordinary well fixt to the Earth on purpofe, which car¬ 
ried a Solid Braft Shott of 4? Inches Diameter, and of about 
14 Pound weight, the Ranges above and below 45 Degrees 
were found nearly equal; if there were any difference, the 
under Ranges went rather the fartheff, but thole differences 
were ufually lefs than the Errours committed in ordinary 
Brattice, by the unequal Goodneft and Dryneft of the fame 
fort oDPouder, by the Unfitneft of the Shott to the Bore, and 
by the Loofneft of th® Carriage. 

In a Smaller Brafs-Shott of about an Inch and half Diameter, 
caft by a Crofs-Bow which ranged it, at moft about 400 foot, 
the Force being much more Equal than in the Morterpeice , 
this difference was found more Curioully, and Conftantly 
and moft Evidently, the under Ranges out went the upper. 
From which Trials I conclude, that altho’ in finall and light 
Shott , the Oppofition of the Air, ought and muff be accounted 
for; yet in Shooting of Great and Weighty Bombs, there need 
be very little or no allowance made; and fb thefe Rules may 

be 



be put mP rad ice to all Intents and Purpoles, as if this Impe¬ 
diment were ablblutely Removed. 


An Account of an Exp’rim~nt fhervn before the Royal 
Society, of dbootit.g by the KarefaSlion of the Air ; 
By Dr. D. Papin, R. S S. 

W Hereas ordinary Wind-Guns do their EffeCt by the 
Compreflion of the Air. Ottho Gbericke hath found a 
new Sort that shoots by Rarefaction ; and he hath PublilLt 
that device at large, in his Book about Yneumatick Experiments y 
but he doth not exprels how itrong was the Effect. I have 
therefore had theCuriolity to try it my lelf by another Con¬ 
trivance, which X take to be better than his : Firft, becaule I 
can make a Rarefaction much more perfeCt than he could 
do. Secondly, becaule his Device could not be ufed but for 
Guns of a final! bore; but my way maybe apply’d to the 
biggeft bore that can be made by Workmen: So that one 
might by this means throw up vaft Weights to a great 
diftance. 

A A is a Pipe very equal from one end to the other. 

B B a Imali Pipe loder’d to a Hole near the end of the 
Pipe A A, and apply’d to the Plate of the Pneumatick En¬ 
gine. 

CCCC lomekind of Stool to bear up the hinder part of 
the Pipe A A. 

D. a peice of Lead fitted to the bore of the pipe A A. 

The pipe A A is to be fhut at both ends by Valves out¬ 
wardly apply’d, and lo the laid pipe A A, though never lb 
big, may be exhausted of Air by means of the Pneumatick 
Engine: Which done, the Vd e towardsD mult beludde .- 
ly open’d, lo that the whole ptelfure of the Armofpbere act¬ 
ing upon the Lead D may drive it along the pipe A A with 
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